Power flow analysis is a numerical way of study of behavior of flow of electric power in an interconnected system. In order to meet the growing demands of electrical energy in an optimum way, there is a need to upgrade existing systems or to install new systems. Therefore, planning of new installations and determination of best operating conditions of existing systems need power flow analysis. In this way, cost/benefit ratio for both suppliers and customers is maintained. This research involves the design and power flow analysis of IEEE-14 bus system. Newton Raphson method is applied for better efficiency and reduced computational time. Simulation analysis is conducted in ETAP software because of its excessive used in real life systems.
Introduction
Behavior of flow of electric power in an interconnected system is studied nu- V and δ are known and P and Q are unknown values. The source bus with larger size of generator is normally taken as swing bus. For generator bus (PV bus), P and V are known values and Q and δ are unknown. For load bus (PQ bus), P and Q are known and V and δ are unknown values. The unknown parameters of buses (i.e., P and Q for swing bus, Q and δ for generator bus and V and δ for load bus) are determined from known values of buses (i.e., V and δ for swing bus, P and V for generator bus and P and Q for load bus) and impedance between these buses ( ij Z ) using power flow calculations. After performing power flow analysis, all the four parameters (V, δ, P and Q) are available for swing bus, generator bus and load bus. The other electrical parameters such as current, power factor, apparent power for the whole electrical system can be determined from these four parameters (V, δ, P and Q) and impedance between the buses
Commercial power systems are complicated.
It is not possible to analyze power flow through hand calculations. Physical models of power systems were analyzed through network analyzers in laboratories between 1929 and early 1960. Afterwards, invention of digital computers replaced the analog methods with numerical methods [1] - [7] .
Initially, linear methods were proposed to analyze power flow analysis. 
Newton Raphson Method
Newton Raphson method is named after Isaac Newton and Joseph Raphson. Successively better approximations for the roots of a real-valued function are determined from this method. Newton-Raphson load flow analysis is based on Newton Raphson method for evaluation of a system of nonlinear equations. It is an iterative method which approximates a set of non-linear simultaneous equations is approximated to a set of linear simultaneous equations using Taylor's series expansion by this iterative method [2] [3].
Referring to Figure 1 , polar form of power flow equations are formulated for n bus system in terms of bus admittance matrix Y as
where i and j represent th i and th j bus respectively. The current in terms of the active and the reactive power at bus i is:
Using Equation (3) into Equation (2) gives:
Real and imaginary parts are separated as:
Taylor series expansion of Equation (6) and Equation (7) 
The diagonal and the off diagonal elements of 1 J are:
( )
where j i ≠ .
Similarly, diagonal and off diagonal elements of 2 
The terms i P ∆ and i Q ∆ in Equation (8) are the differences between the scheduled and calculated values of power called power residuals given as:
Using Equation (8), Equation (18) and Equation (19), 
Flow chart of Newton Raphson method is given in Figure 2 . Test system i.e., IEEE 14 bus system is analyzed in Figure 3 .
Test System-IEEE 14 BUS System
IEEE 14 bus system is used to validate the performance of Newton Raphson method. Table 1 and Table 2 provide the details of buses data and branches data for power system. In Table 1 , *Bus Type (1) represents swing bus, (2) represents generator bus (PV bus) and (3) represents load bus (PQ bus).
Simulation Analysis
ETAP software is used for simulation analysis and simulation circuit is given in Figure 4 . Power flow analysis for IEEE-14 bus system is carried out by Newton
Raphson method. Table 3 provides the results of power flow analysis on branches of electric power system. Table 4 gives the detail of load and losses in electric power system after power flow analysis via Newton Raphson method. IEEE-14 bus system after power flow analysis is given in Figure 5 .
Power flow analysis results in generation of alerts at generators. The alerts contain the conditions of operation of generator as shown in ETAP report is generated and is given in Table 7 to depict the generation and load in electric power system test model.
Voltage and current of test system are measured before and after load flow analysis to depict the state of the system and are shown in Figure 6 and Figure   7 . Change in the values of voltage and angles are observed. It is the requirement of power system to have good voltage regulation for ensuring acceptable power factor value.
Conclusion
In this research paper, IEEE-14 bus system is developed and analysed. Power 
